In Egypt, parasitic weed species, Orobanche crenata Forsk is one of the major constraints to the production of faba bean, which is considered the most important food legume in the country. The broomrape fly, Phytomyza orobanchia Kaltenbach (Diptera, Agromyzidae) is particularly suitable for biological control since it is oligophagous feeding in the larval stage, only on Orobanche species. The objective of the present study is to estimate the number of annual generations of P. orobanchia, using growing degree-days (GDD) in Alexandria region, Egypt. Results revealed that development of Phytomyza immature stages (from egg deposition to adult emergence) required 103.5, 90.0, 79.5, and 93.5 DD through 31, 20, 18, and 16 days for the investigated four generations, respectively. Percentage of infested Orobanche capsules positively increased with increasing accumulated degree-days. A linear model for predicting infested capsules with P. orobanchia through knowing DD was estimated. The constructed model may be used also in predicting Orobanche capsule infestation with P. orobanchia. Results also indicated that estimating the degree-days will help in predicting the occurrence of the first egg laid for P. orobanchia in O. crenata flowers in the field for the first generation and subsequent generations. Knowledge of the Phytomyza activity will provide a prediction for adult emergence and subsequent egg laying and potential damage by larvae according to infestation percent of Orobanche capsules through the successive generations. This may help the biological control programs to justify the required numbers of Phytomyza and adequate time for releases to obtain the maximum destruction of Orobanche seeds.
Introduction
In Egypt, Orobanche crenata Forsk is one of the major constraints in faba bean productions, which is considered the most important food legume in the country. In the West Nile Delta region, the area infested with O. crenata was more than 25,000 feddan (feddan = 4200 m 2 ) (Zaitoun et al. 1991) . It occurs in about 20% of the total area cropped with faba bean, of which about half suffers low to moderate infestation (less than 5 spikes per m 2 ) and the other half is infested with 5-20 spikes per m 2 or more. The loss in faba bean seed yield in El-Beheirah governorate, Egypt was 20,000 tons or about 10 million dollars (Hassanein et al. 1996) .
Many management strategies have been tried against O. crenata and other broomrape species, but few of them have proved reliable and these are just economical in high value agriculture. The strength of broomrape lies in its ability to form a considerable seed bank in soil. A management or eradication program must aim at reducing this seed bank, in order to minimize the production of new seeds and their dispersal to new sites.
Recent approaches are necessary to control parasitic weeds of the genus Orobanche. The broomrape fly, Phytomyza orobanchia Kaltenbach (Diptera, Agromyzidae), is particularly suitable for biological control since it is of oligophagous feeding, in the larval stage, only on Orobanche species. In total, of the 140 Orobanche spp. described, the occurrence of P. orobanchia was reported from 21 species. The use of P. orobanchia in biocontrol of Orobanche is based on inundative releases at the time of Orobanche emergence. The larvae of the fly mine in Orobanche shoots, capsules, and intervene at the sensitive reproductive stage of Orobanche. Hence, the reduction of Orobanche seed production prevents supplementary infestation and dissemination. The advantage of this control approach is its compatibility to all crop/Orobanche associations and that it can easily be combined with other control methods .
In Egypt, biological control trials of the weed O. crenata were conducted by Kolaib (1991) , Al-Eryan (1996) , Al-Eryan and Zaitoun (1998), Al-Eryan (1999), and Abu-Shall (2001) . Although of the effectiveness of Phytomyza releases in reducing Orobanche seed production can reach (91.73%), the already infested soil in addition to new accumulated seeds will cause further infestations throughout the successive seasons. Biocontrol with P. orobanchia may be helpful in reducing further dissemination and infestation in light infested areas, and could be incorporated into an integrated control approach to reduce the seed bank in heavily infested soils (Rubiales et al. 2001 ). This effect can be substantially increased by massive propagation and releasing of the insect at the beginning of Orobanche flourishes as demonstrated by Klein et al. (2002) .
In Egypt, Tawfik et al. (1976) studied the biology of P. orobanchia and found that the females insert their eggs in the Orobanche flower. The total number of deposited eggs was 32.93 eggs per female. The durations of development for the three larval instars lasted about 1.1, 1.93, and 2.22 days, respectively. The total larval period lasted about 5.3 days. The larvae feed on the immature seeds inside the capsule. Pupation takes place either in the capsules or in the stem. For pupation in the fruit, the mature larva bores into the enclosed seeds and tissues leaving a rounded thin membranous area on the pericarp through which the adult will emerge. At the end of season, the mature larva bores inside toward the stem to enter diapause till the next season. The estimated lifecycle from egg deposition to first egg laid in the following generation lasted 18.9 days (17-20 days).
Heat unit systems quantify the thermal environment of organisms and are commonly used in phenology models that relate organism growth and development to local weather/climate conditions. Several methods of calculating heat units have been developed and are presently used worldwide in phenology models. The accumulation of degree-days has become a useful tool in monitoring the emergence and development of insect populations (Jyoti et al. 2003) .
The objective of the present study was estimating the number of annual generations of P. orobanchia, using growing degree-days at Alexandria region.
Materials and methods

Estimation of generation numbers of P. orobanchia
In faba bean fields, Orobanche spikes emerge aboveground on different growth stages from January until end of April 2015. To estimate the first generation of P. orobanchia, 40-50 flowering Orobanche spikes were randomly selected at the beginning of Orobanche emergence. Collected spikes were picked up from faba bean field in Nubaria region located at Sahara adjacent south Alexandria region, Egypt. Collected plants were transferred to the laboratory, placed in plastic containers, and then left to complete maturation under natural conditions. Three flowers or capsules were daily detached from each Orobanche spike and examined under stereomicroscope to record immature stages of P. orobanchia. Immature stages were classified into sequential developmental stages, i.e., egg, 1st, 2nd, and 3rd larval instars and pupae ( Hess et al. (1997) and Al-Eryan et al. (2003) . Generation period was expressed as from egg to adult emergence. Percentage of Orobanche capsules infested with P. orobanchia was estimated daily.
After adult emergence of the first generation, new group (40-50) of flowering Orobanche plants were randomly collected from the faba bean field cultivated in Abees region, Alexandria to follow up development of the second generation. The same method was applied to determine the third and fourth generations of P. orobanchia. During the period of study, daily maximum and minimum temperatures were obtained from data of Egyptian Meteorological Authority station (E.M.A.S).
Determination of growing degree-days
Degree-days (DD) are used to measure the number of accumulated heat units above temperature threshold that are required for insect development. The first date at which P. orobanchia female laying the first egg in the Orobanche flower was considered as the beginning of calculation of the degree days accumulation (biofix date). The lower threshold temperature for development of P. orobanchiawas12.5°C, daily average (base temperature), calculated by Abu-Shall (2007) and used in the present study.
Calculating growing degree days (GDD) was applied according to Pruess (1983) and Fry (1983) as follows:
If the maximum temperature for the day never rises above the base temperature, then no development occurs and zero degree-days accumulated (negative degree-day values are not calculated since the development of organisms does not continue when it is cold).
Prediction of P. orobanchia annual generations was carried out by determining the relationship between the thermal heat units, expressed as DD and development of P. orobanchia stages, expressed as percentage of infested capsules during the period from early January to late April 2015.
Statistical analysis
For statistical analysis, the correlation between degree-days and percentage of capsule's infestation with P. orobanchia were calculated, using least squares regression (Sokal and Rohlf 1973) .
Results and discussion
Accumulated degree-days required for development of four generations of P. orobanchia in O. crenata spikes are presented in Table 1 and Fig. 2 . Orobanche spikes were examined at the three growth stages: GS 6, 65 (flowering Orobanche), GS 6, 69 (semi-mature Orobanche), and GS 7, 79 (mature Orobanche) through all generations of P. orobanchia. Results showed that eggs of P. orobanchia started to be laid on Jan. 11 at 0.5 accumulated degree-days. This was considered as the date of starting the development of P. orobanchia and calculation of accumulated degrees-days. Development of Phytomyza immature stages (from egg to adult emergence) required 103.5 accumulated degree-days through 31 days (from Jan. 11 to Feb. 10). Infestation percent of Orobanche capsules with P. orobanchia reached the maximum (25.4%) by the end of this generation. This generation appeared in faba bean fields cultivated early in Sahara regions adjacent to Alexandria region.
Accumulated degree-days required for development for the second generation of P. orobanchia in O. crenata spikes were indicated in Table 1 and Fig. 2 . Results showed that the eggs of P. orobanchia were laid on Feb. 20 at 139.5 DD. Development of Phytomyza immature stages (from egg to adult emergence) required 90 accumulated day-degrees through 20 days (from Feb. 20 to Mar. 11). Infestation percent of Orobanche capsules with P. orobanchia reached the maximum (50%) by the end of this generation.
In the third generation, the eggs of P. orobanchia were laid on Mar. 12 at 226.5 DD. Development of Phytomyza immature stages (from egg to adult emergence) required 79 accumulated degrees-days through 18 days (from Mar. 12 to Mar. 29). Percentage of infestation to Orobanche capsules with P. orobanchia reached the maximum (64.7%) by the end of this generation (Table 1 and Fig. 2) .
Degree-days accumulations required for development of the fourth generation are presented in Table 1 and Fig. 2 . Results showed that the eggs of P. orobanchia were laid on Mar. 30 at 308 DD. Development of Phytomyza immature stages (from egg deposition to adult emergence) required 93.5 accumulated degrees-days through 18 days A linear regression equation provided a good mathematical description of the effect of degree-days on the infestation of Orobanche capsules with P. orobanchia (Fig. 3) . Percentage of infested Orobanche capsules positively increased by increasing accumulated degree--days. Where the regression coefficient (R 2 = 0.964) was significant.
Under field conditions, adults of P. orobanchia are common from the beginning of Orobanche flourishing. The mated females search for suitable buds and flowers to lay their eggs. In this context, Klyueva and Pamukchi (1978) in Moldova noticed that adults of P. orobanchia appeared in the field from the beginning of Orobanche emergence, and hatching took place at a mean air temperature of 20°C and 530 accumulated degree-days. In Ukraine, Kott (1969) observed adults at mean temperatures of 22-23°C from the beginning of emergence of Orobanche. Also, in the former USSR, Tsybul'skaya et al. (1978) found that the flies of P. orobanchia overwinter in the pupal stage and the adults emerge when the temperature reaches 20°C. In the same subject, P. orobanchia was affected by high and low temperature degrees in Uzbekistan, where Kurbanov (1970) reported that up to (35%) of the pupae were destroyed by temperature under zero during hard winter. While low temperatures during winter can cause a high mortality of Phytomyza pupae (Lekic 1970) . In the south of Ukraine, there are 2-3 generations in a year and each requiring 20-36 days for development. Most of the larvae moved to the underground parts of the Orobanche stems for pupation (Tsybul'skaya et al. 1978) . Also, unsuitable temperature forced the Phytomyza larvae to enter diapause in the pupal stage. Klyueva and Pamukchi (1980) reported that the percentage of the diapause for the three generations took place as: 2-22, 33-87, and almost 100% for first, second, and third generations, respectively. But most of the diapaused pupae emerged in the subsequent year and only 13% remained in a prolonged diapause for longer than 1 year. Sometimes, the diapause lasts 4 years in order to cover the absence of host-plant. Diapause is induced by a day-length of less than 14 h, but the optimum photoperiod for the midge's development was 16 h. The percentage of diapaused pupae increased with declining temperatures to 16 and 8°C. In Syria, Linke et al. (1991) studied the relationship between the appearance of P. orobanchia and Orobanche spp. The first appearance of the fly coincided with the first emergence of the Orobanche shoots. They suggested that its arrival was most probably related to temperature. Al-Eryan (1996) recorded three generations of P. orobanchia per year under field conditions. The first and second generations required about 3 weeks for development, while the third one required 2 weeks. The present study indicated that additional generation appeared early in January and February 2015 in faba bean fields cultivated in Sahara regions at daily mean temperature 15.1°C (11.5-21.0°C).
Since the temperature is considered as an important environmental factor that affects the rate of development of the insect and controlled the success of the insect to survive in a given temperature, it was particularly as practical point of view interesting for economic insects to obtain a useful and good forecast and prediction system for insect population (Wagner et al. 1984) . The degree-days (DD) forecasting method has been successfully used in the past for forecasting several economic pests. In the formulation of forecasting models, developmental data from a range of temperatures help to determine the insect developmental threshold (Herms 1998) .
Similar studies were conducted on related species of agromized flies. Petitt et al. (1991) and Petitt and Wietlisbach (1994) reported that (99.9%) of Liriomyza sativae emerged from leaves after 95 DD (threshold temperature, 10°C). Millia (2005) stated that the Holly leaf miner (Phytomyza ilicis) larvae and adults needed 246 DD, while native holly leaf miner (Phytomyza iliciola) larvae and adults needed 192 and 298 DD.
Conclusion
Results of the present study certified four generations for P. orobanchia on O. crenata in faba bean field. Knowledge of Phytomyza activity will provide a prediction for adult emergence and subsequent egg laying and potential damage by larvae as infestation percent of Orobanche capsules through the successive generations. This may help the biological control programs to justify the required numbers of Phytomyza and adequate time for releases to obtain the maximum destruction of Orobanche seeds. The constructed model may be used in predicting Orobanche capsule infestation with P. orobanchia, but the validity of the model should be carried out using new field observations through several seasons. 
